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SECTION 1 

INTRODUCnON 

The reclanution process for retrieving recyclable ferrous and non-ferrous metals from scrap 

automobiles generates a non-metailic waste product called 'fluff.* The fluff waste stream from 

automobile reclamation facilities aiso often includes the non-metallic residue of nujor household 

appliances which are Imowa as 'white goods".' The nujor constituents of fluff are plastics such as 

polyethylene (PE), polypropylene (PP), acrylonitrile-buladienc-styrcne (ABS), polyurethane foam 

(PUF). polyvinylchloride (PVQ. nibber, glass, wipod products, cloth, paper, dirt, and electrical 

wiring.*^ The actual composition of fluff depeiKta o» the type of separating technique used during the 

reclamation process. In one such process, the fRtfT is separated from the desired, recyclable material 

using a scries of air blowers and yields the final waste product dc.<(cribcd abow. Another common 

reclamation technique uses water to separate floating, undesirable products from the denser material.'* 

With this process, the de .,cr materials such as glass and clccu-ic-il wi.ing arc Ic5v<: likely to be present 

in the .Tuff fraction. 

In 1974. Mahoncy ct al., reported th.il a Kirgc perccntacc of automotive pl.nsiics .ire pttvcsitcd 

.It approximately 100 junk automobile ."ihrcddcrs in Ihw country. These reclamation facilities arc 

capable of proccs.sing 50,000-200,000 automobiles per year. N'aliic/ ci al,, sL t̂r ih.n more than half 

of the automobiles scrapped annually in the United States arc now pnvc.s.scil b\ shrciKlini;," Since 

1Q60. the .imount of plastic contained in automobiles has incrc.iscil ^n.-sticaliw .md thi."5 trend is 

pro|ccicd to continue. The average ..utomohilc conLiins mori- I'l.nn on - î ^ ^̂ ;̂ \\ \\̂ ) c( phsWs.'' 
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SECTION? 

EXPERIMENTAL APPROACH 

11 GENERAL PROJECT DESCRIPTION 

The project consisted of a replicalB study to collect and qualitatively and quantintiveiy 

characterize organic and inorgiBic cmiaioM lesultiag bom the simulated open combustion of actual 

auionnobile fluff. Small quantities (9.1-11.4 kg (20-25 Ib0 of fluff were oorobusied ia lest facilities 

speciflcally designed to simnkto opea-comlNistioa coadilioiis The tests were conducted in triplicate to 

allow for the heterogeneous oonpotitioa of the fluff aad to assess 'eprodudbility. A portion of the 

combustion effluent was divcfted to aa adjaceat saniirting Cacility via an induced draft duct Orgaaioi 

were collected using the volatile orgiaics sampliag tain (VOST) and a semivolatile 

organics/particulate coUectioa system using XAD-2 and particulate filtets. Metal aerosols were 

collected on particulate filters. The organic constituents were analyzed both qualiuttvxiv and 

quantitatively using gas chromatogiaph/mass spectrometer (GCMS), gas chronatograph'flame 

ionization detector (GC/FID), and gravimetric methodologies. The metal aerosols wxrc charactcrircd 

using an inductively coupled argon plasma (ICAP) method. Measured concentrations were related to 

dilution air volumrs and mea&ired net mass of fluff combusted to derive emission rates. 

\ 
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Figure 2-1. Diagram of bum hut. 
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Figure 2-3. Sampling systems in s,-implc shed. 
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A visual inspection o f the as-received lest nulerial confirmed the presence o f polyurethane 

foam, various unknown plastics, coated aad uaooaled ekcfrkal wiring, compressed wood products, and 

metal fragments. The fluff was combusted in a 0.61 m (24 in) x 0.S6 m (22 in) diameter cylindrical, 

steel vessel. 

The fluff was contained in a wire mesh support placed within the combustion vessel. The 

wire mesh support was used to allow adequate CAygea access withia the combustion vessel. 

Nominally, 11.4 kg (25 lb) o f fluff was placed into Ihe combustion apparatus for each of the three 

tests. Before fluff ignition, the CEMs were operated for at least IS min to establish background 

levels. During this time, the conditioned air handliiig system was operating and continued to operate 

throughout the test period. 

After the baseline levels had been established, the fluff was manually ignited with a propane 

torch. After 1-2 min, the torch was removed, and the b u n hut door closed to leave a 102-nun (4-in) 

opening for visual observatton. After S-IS min f iqm the time the fluff was ignited, to allow sufTicient 

time for any propane combustion products to dteipala, the metal, dioxin, and organic semivolatile 

sampling systems were activated. The volatUe o r ^ i c sampling train (VOST) was operated for three 

separate intervals during each test to charadei in volatile organic emissk>ns under various fluff 

combustion conditions. A t the start and end of each sannple condition, as well as continuously 

throughout the duration o f 'he test, the lime and net weight o f flufT in the combustion pit were 

recorded digitally. Tempr.atures inside the bum hut (over the bum pit, at the dcHcctor shield, and at 

the entrance to the transfer ductX within the sample duct (in the hum hut and in the sample shed), and 

dilution air temperatures were (fipitally recorded continuously throughout the duration of the test 

In addition to these three tests, a "hut blank* test was conducted between the .<«ccond and th^rd 

acti'al tests. In this experiment, the test facility and sampling apparatus were operated as iii an actual 

test but no fluff was combusted. The purpose of this test was to as.scss the background levels of 
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• ) tube set was insulled in the sampling train and sampled. A laboratory blank sample was also 

analyzed. M\ samples were aaalyxed wiibin 30 days of collection. 

The VOST samplea were aaalyxed by GOMS/FID on a purge-and-trap thermal desorption 

system. The effluent of the chiomaiognphic oolaaui v-u split to each of the GC detectors for 

simultaneous detection of eluHag aaalytes fiom oae sample. Method 5040 of SW-846 best represents 

the procedure used for ssmple analysea.'* Compound identincations were accomplished using 

raultioomponent calibration standard oomparisons, mass spectral library searches as well as investigator 

inierpreution. Identifled aaalytes were quaatified using GOMS or GC/FID system responses. The 

system selected for quantification was based oa the chaiacteristics of the compound identified. 

Before calibrating the analysis of samples, the MS was tuned with perfluorott-ibutylamine 

(PFTBA) to linearize the MS over the lou! <on mtniloriag range of mass units (24-300 amu). The 

MS was calibrated with a variety of volatfle compounds, determining relative response factois between 

the internal standard, D^-beaieae, and the aai^yto of inleresL A continuing calibratkm standard 

oonuining known concentntions of acroleia, toluene, cydohexane, hexancl, decane, D^ benzene, and 

bromoHuorobenzene (BFB) was analyzed daily to verify acceptable system performance. The R D 

was calibrated by determining the linear response to varied concentrations of toluene containing 

standards. 

The Tcnax* and Tenax^/charcoal samples were dcsorbcd in a clamshell hcatc. mainuincd at 

220 " C purging the organics for 10 min with helium at a nominal flow rate of 10 mL/min onto a 

cryogcnically cooled (0 *C) Tenax* trap. The tubes were analyzed in pairs and dcsott>cd in reverse 

direction from that sampled. The Tenax* trap was ballistically heated to 250 "C. and the carrier 

directed onto a 30-m x 0.32-inm x 1.8-̂ mi fllm thickness DB-624 racgabore column (/ & W 

Scientific) The column head pressure was 8 psig. The GC oven temperature was cryogcnically 

mainuincd at 0 "C for 5 min; then a temperature ramp was invoked at 3 "C/min until reaching 

250 "C. where the Ccmpcralure was held for 5 more men. A5 fhc s.impic con.<:{rtucnt<: clutcd from the 
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Z3.4 Semivolatile Omnics snd Partlculste Matter 

Semivolatile organiOB aad particalato matter were collected using a sample system modified for 

use in this study to opentioaally separato semivoiatlk oigaaics into gaseous and particulate-bouad 

frscttons. A 0.95 cm (3/8-in) CD stainless steel tube connected the sampling manifold to a paiticulaie 

filter assembly. Particulale was collected on a 142-mm diameter Tefkm^-oosicd, glass fiber filter ia 

the filler housing. An ice water<cooled condenser W M located between the filler assembly and the 

XAD-2 sorbent module to cool the sample g u stream before conuct with the XAD-2. The exit of the 

sorbcnt module was connected to a pump and metering sysiem. The gaseous sample was collected at 

an avenge flow rale of 17.0-34.0 Umin (0.6-1.2 scfm) for approxinulely 3 h. 

Two separate semivolatile organic^rticulate collection systems were operated simultaaeously 

during the test period. One sample system w u used to collect samples for the purpose of general 

semivolatile organic aad particulate characterization while the remaining system was used to collect 

samples for polychloriasled dibenndioxin (PCpO) and polychlorinaied dibenzofuraa (PCDF) analyses. 

Hie only difference in opeiation between the two trains is the type of XAD-2 sorbent module used to 

collect semivolatile organics. The stainless steel XAD-2 sorbent module ased in the general organic 

sampling system contained approxiiiMtely 150 g of XAD-2 while the ice water-<t)oied glass XAD-2 

module used for PCDD/PCDF collection contained approximately 40 g. Field and labontoiy blanks 

were collected for the general organic train and a field blank was collected for the dioxin train. Field 

blanks consisted of filter and XAD-2 samples transported to (he test facility along with the actual 

samples. The laboratory blank consisted of a filter or XAD-2 module retained in the analytical 

laboratory. 

The Teflon^-coated, glass fiber filters used for particulate collection were desiccated, urrd. 

and placed in aluminum foil and a zip-lock bag before use. After sample collection, the particulate 

samples were stored desiccated, weighed, and stored at 4 "C until extraction. Gcaned and quality 

control checked (QC'd) XAD-2 resin was placed in sealed modules, sealed in teflon hags, and stored 
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using an aikane mix standard. Tie C^ C,o, C12. C^ ,̂ C p n-alkaae mix was used to establish the 

boiling pofait retentioii window ss well ss ihe system response. All pesks with retention times falling 

between, but not including, the C, aad Cj^ rBteation limes, were quantified. The system response to 

the CIO, C12, snd C14 sUssnes was used for qaantificatjon. The analysis was performed using s 30-m 

X 0.25-mrn x 0.25-fm film thickness DB-5 oolunu ( / A W Scientific). For ihe XAD-2 ssmples, the 

l-ftL injection was nude with the oven tempenture heM at 40 *C for 3 rnin, nmped to 250 *C at 

. 'C/min, and held tor 5 min after readiiag final tenqteniure. For the f.lter samples, the l^iL 

iajectun wss made at 40 *Q which wss hekl for 3 min. The oven wss then nmped at 14 *Omin to 

170 *C. The tempenture was ibea nmped at 4 *C/min to 255 *C then at 2 'Omin to 300 *C where 

it was held for 2 min. A aepanlely prepared quality control standard was injected at the beginning 

, and end of each analytical day to verify instrument perfomunce. 

The GCTMS data were acquired oa a system ooafigured for capillary column use. A 30-m x 

0.32-mm x 0.25-̂ mi film tkickaess DB-5 ooUMna (I * W Scientific) wss directly interfaced to the MS 

source (interface temperature m 300 *C). Before calibnting or analyzing the samples, the MS was 

tuned with perfluorotributylamine (PPTBA). Coatiauing calibration standards were injected at the 

beginning and end of each analytical day to verify the consistency of instrument performance. 

Injections of 1-2 fiL were n»de into a splitless injector maintained a 300 *C The XAD-2 and 

particulate fractions were analyzed using different temperature programs. The XAD 2 flections >%Tre 

analyzed with the initial oven temperature "̂ f 40 *C maintained for 3 min. Tlie o\-en temperature was 

then ramped at 5 "C/min to 300 *C and held for 5 min. The panxulato fractions were analyzed with 

the initial oven temperature of 40 *C maintained for 3 min, at which time the temperature was ramped 

at 14 'Qmin to 170 *C The tempenture ramp was changed to 4 "C/min until rejiching 255 °C at 

which lime the temperature n n ^ was changed to 2 *C/min until reaching 300 °C where the 

temperature was maintained an additk>nal 2 min. 

15 
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tevels and response facton from each tevel were averaged. The MS was calibrated with PFTBA aad a 

continuing calibration standard was run st the beginning of each analytical day. The mass 

spectrometry was performed in the selected km monitoring mode using ihe parent (M*) ion for 

quantification aad the (M-t-1^ ioa for confirmation of aaalyte identificatwn.'^ 

The PCDD/PCDF ssmples were snslyzed by s hybridized method utilizing techniques found in 

SW-846 Method 8280 and 40 CFR Part 60, Appendix A, Methoa 23.'^-'^ The samples were analyzed 

by low resolutMMi COMS where isotopically labeled homologues for all congeners virere used for 

qualitative and quantitative purposes. The aaalytical method used does not xlentify individual isomers 

within each congener group but does, however, quaatify each isonter chromatognphically resolved 

within each congener group. The data are reported here in terms of the total analytical conccntratton 

within each congener group. 

Z3.5 Mgm Atrwoli 

Particutate matter containing metal aeroaols was collected using a separate sampling system to 

characterize airborne metals emisskms. A gaseous sample was drawn acrors a 142-mm diameter 

quartz fiber filter under vacuum at an average ftow rate of 17.0-42.5 L/min (0.6-1.5 cfm) for about 

3 h. The quartz filten used were desiccated and tared, then placed in aluminum foil and a zip-lock 

bag before use. A Meld blank sample, consisting of a filter transported to the test facility along with 

the actual samples, was also obtained. Following sample collection, the samples were again desiccated 

and weighed. Ultimately, the samples were delivered to a contracted analyticil laboratory for metals 

quantification. Metals potentially present in Huff samples w:,c chosen for quantincaiion. The 

samples were analyzed by inductively coupled argon plasnu ÎCAP) for aluminum, arsenic, barium, 

cadmium, folal chromium, copper, lead, magnesium, selenium, and zinc."^ 
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TABLE 3-1. COMBUSTION CONDITIONS IN THREE FLUFF TESTS 

Day 1 Day 2 Day 3 

Mass fluff at start (kg) 

Weight after 200 min of combustion (kg) 

Fluff msss k»t because of oonbosiioa in 200 min (%) 

Average bum rale over 200 min test (kg/ht) 

Average bum rate over ssmplfaig period (kg/hr) 

Length of sampling period (min) 

Total mass of fluff combusted was determined by subtracting the final mass of nuterial ia the 

test apparatus from the initial mass. The net mass of fluff combusted divided by the duration of the 

test period determined the avenge bum rate for eadi test Table 3-1 also presenta the average bum 

rate of fluff for each 3-h test Given the non-homogeneity of the compositton of the fluff, there b 

excellent agreement (less than 20 retative percent dlffereaoe) between the average burn rates of the 

three tests. 

Bum rates were alao determined for smaller elapsed periods of time. Bum rates were 

determined by relating the msss of fluff oombnited to the length of time the mass was burned. Figure 

3-1 reprcsenta the bum rates relative to elapaed lime for each of the three tests. Maximum bum rates 

were observed within 20 min of material ignitkHi. After this time, bum rates gradually decreased 

throughout the bum. Figure 3-2 presenta the temperatures observed by a thermocouple placed directly 

over the combustion apparatus. Peak temperatures correlate well with peak bum rates. 

Figures 3-3 to 3-6 present the continuous emissions monitoring data for CO, CO^ THC, and 

NO, respectively. Peak concentrations correlate reasonably well with peak bum rates. However, the 

THC data reveal peak emisstons at periods farthei into the test than the observed pcik bum rates. The 

oxygen data are not presented graphically. Over the course of the bums, O^ concentrations remained 

greater than 19 percent indicating that conditions adequately simulated an open combustion 

environment where combustion would not be expected to be oxygen starved. For purposes of clarity, 
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dMKS 

determined by dividing the msss collected by the volume sampled, wu multiplied by the volume of 

air added to the bum hi't per unit time. This rqiresenta the mass of organic material emitted per unit 

time. Dividing by the respective fluff bum rate yieMs the mass of volatite organics emitted relative to 

the mass of fluff combusted. 

Table 3-3 preseals ^wt—j^t data for elected tadivkiual compounds identified ia Ihe VOST 

samples, and Table 3-4 preseatt a list of all iadivktual compounds tentatively or positively identifled 

in VOST samples. Emphasis was placed on establishing emissions data for compounds found on the 

Qean Air Act Amendment (CAAA), Title III, Hazardous Aii Pollutanta (HAP) list Figure 3-« 

graphically deplete the major volatile organic compounds (VOCs) found on this list and their relative 

contributions. Benzene is one of the lop two volatile organic compounds emitted, generating neariy 10 

g for every kilogram of fluff consumed in combustion. Benzene is also one of the more i-.xic 

compounds identified. 

A comparison of Ihe total VOC mass to the msss of individually ktentified compounds with 

boiling pointa within this range, indicates thi>t greater ihaa 70 percent of the detectable mass has been 

characterized. The remaining fraction was not MeAliRed because of the complexity of he sample, 

limitations of the analytical system, and budgetary constninta. 

Very few detectable peeks were seen in the fieM snd laboratory blank samples. Compounds 

present in field and laboratory btanks included nnethylene chloride, acetone, irichloroflv )romethane, 

toluene, and bcnzaldehyde. All compounds present ii. these blanks \^xrc cither not present or present 

at more than an order of magnitude greater concentntton in the actu.-(l samples. The compounds that 

were delected at low concentrations in the blanks but not in the samples may \̂ -cll have been al.so 

present in the samples but obscuicd by interfering analytes at much higher concentrations. 
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TABLE 3-3. ESI IMA TED EMISSIONS FOR SELECTED VOLATILE ORC 

(g PolluianiAg Fluff combusted) 

Polluuni 

ACETALDEHYDE 

n Penune 

ACROLEIN 

ACETONfTROi 

ACRYLONITRILE 

C3H60 Meihyl Funn 

1 BENZENE 

1 Hepiene 

nHeptane 

C3H802. Carbnxylic Acid. 
1 Methyl Ester 

I TOLUENE 

nOcl*ne 

1 C9H18 
Tnineihylcyelohexine 

CHLOROBENZENE 

1 ETHYL BENZENE 

nVp X'-'I.FNF. 

Slyrcne 

I n IVcJnc 

ilen îl<V:hy<Sc 

Idcntincaiion conTimied 
by comparison to 

sundird? | 

NO 

NO 

YES 

NO 

NO 

NO 

YES 

NO 

YES 

NO 

YES 

YES 

NO 

YES 

YES 

YES 

1 NO 

1 YES 

1 YES 

Test I 
Sample 1 

0.315 

ND 

0.258 

0.106 

0.304 

ND 

2J46 

ND 

ND 

0.007 

0J64 

ND 

ND 

0.053 

0076 

0059 

0943 

ND 

0219 

Test 1 
Sample 3 

0.437 

7 ^ 1 

M37 

0416 

0.SS8 

ND 

9.989 

1>«S5 

li)19 

ND 

6.634 

ND 

0.859 

0.966 

4.086 

i U 7 7 

5.650 

ND 

ND 

Test 2 
Sample 1 

l.»5 

2M1 

1J044 

0441 

0.886 

0Jn6 

9.138 

0.695 

ND 

ND 

4.739 

ND 

1 ND 

0.891 

1188 

1.038 

7.128 

ND 

ND 

Test 2 
Sample 2 

1.507 1 

5.191 

3.220 

ODOO 

0.714 

0.113 

9 J n 

U72 

1.076 

0.072 

S.626 

NAV 

NAV 

NAV 

NAV 

NAV 

1 NAV 

NAV 

NAV 

J A N I C S (continued on next page) 

Test 3 
Sample 2 

1.016 

4.700 

X344 

0.964 

0.912 

0.137 

9X»3 

U95 

0.944 

ND 

8.674 

0.999 

0342 

1.851 

4.242 

1200 

10.055 

1.423 

1749 

Test 3 
Sample 3 

ND 

3.955 

1.766 

1900 

1260 

ND 

1&635 

0 J62 

0.720 

1 ND 

34.920 

0.725 

1 0.365 

5.176 

15.974 

3.675 

6.801 

0.889 

1 3.409 

Test 1 
Avg. 

0376 

3.741 

0J48 

0.261 

0431 

OJXO 

Test 2 
Avi. 

1401 

3J622 

1132 

0.221 

0800 

0495 

6417 9475 

0.743 

0310 

aoo3 

3399 

0000 

1 0.429 

0310 

1081 

0.768 

3.296 

1 0.000 

0.110 

1.134 

0338 

1 0X)36 

6J683 

04X» 

0.000 

0.891 

1188 

1X>38 

7.128 

1 0.000 

0.000 

Test 3 
Avr 

0.508 

4.328 

1055 

1.932 

1.066 

0.068 

11SS9 

1.128 

0.832 

1 0.000 

21.797 

0.862 

0.454 

3313 

10.108 

1938 

8428 

1 1.156 

1 3.079 1 
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TABLE 3-4. VOLATILE ORGANIC COMPOUNDS IDENTIFIED (continued on next page) 
(Listed in order of increasing retention time) 

y 

Qoa^amA NaoN or Oim 

Alkeae 
D i«MorA l kyM 
Alketn 
Dieoe or Alkym 
Aoetaidehydt 
Alkene 
AlkeiM 
Aikene or Cydic 
n-Peniane 
Alkeae or Cydic 
Dieoe 
Alkylated Cydopropane 
Aikene 
2-Propenal (Aoolcia) 
Proptntl 
Diene 

Unaauinied Hydracuboa 
AoeMniuile 
Aikane 
Alkene 
2-Piopciienilril« {KarfoA^aMi 
AlkeMorQfdic 
lleune 
2-Meihyl'2-Piopeml 
Alkene 
Bnndied Alkeae 
AlkMK 
Methyl FUran 
Diene or Alkyne 
Alkene 
Niuile 
Alkene Subetitubd Cydic or Diene 
Sulsaiiiuted Cydopropane 
Benzene 
Alkene 
1-Hepiene 
n-Heptane 
Probably a Heptene 
Alkene 
Alkene 
Alkyne or Diene 
Alkene 
Alkene 
Carboxylic Add, Methyl Eater 
Alkyl Substituted CydopenUne 
Bnindied Aikane 

Molecular Fbrainla 

C4H8 
C4H« 
C4H8 
C4H6 

C2H40 
C4H8 
C4H8 

CSHIO 
CSHt2 
CSHIO 
CSH8 

CSHIO 
CSHIO 
OH40 
OH<0 
CSHr. 
CSH6 

C2H3N 
OSH14 
06H12 
a H 3 N 
CI6H12 
0SH14 
C4H60 
06H12 
0SH12 
06H12 
C!SH60 

aHio 
C7H14 
C4H5N 
C»HIO 
C7HI4 
06H6 

C7H14 
C7HU 
CTHJft 
trruM 
C7H14 
CTHU 
CTHi: 
C7H14 
CTHU 

csiwo: 
a i i n 6 
CRMI8 
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Few dctecttble peaks were seen in the hut bisnk ssmples. The compounds that were present, 

included dichlorodifluoromethane (Freon 12), allyl akobol, propanol, methylene chloride, 

trichlorocthane, 1,4-dioxane, aad toluene. All compounds present in these blanks were either not 

present or present at more than aa order of magnitude greater conoentntion in the combustwn test 

samples. The one exception was a single sample (the second obtiined during the hut blank test) ia 

which toluene was detected at a tevel only a factor of two lower then the lowest sample toluene 

conoentntion (the third sample of the first combustion test). In summary, tbe volatile organic blank 

date support the validity of the sample date presented. 

3.4 SEMIVOLATILE ORGANICS DATA 

The characterization of semivolstile oigsnic emissions collected on both the XAD-2 and 

particulate filters used an approach simiisr to that used to characteriae tbe volatite organics emissions. 

TCO and GRAV analyses were performed wepttWaAy on the XAD-2 and particulate Tdter extracts to 

determine totel organic content based on boiling point nage. 

Table 3-S provides a summary of these date expressed as estimated emissions. As expected, 

the XAD-2 sample fractions conteined more chromatographable (vapor phase) mass than did the 

particulate filter fractions. Similarly, the particulate filler fractions conteined more GRAV 

(condensable) mass than did the XAD-2 fractions. Of the tolal cxtracubic semivolatile and non

volatile organic mass emitted, an avenge of 49.9 percent was contained on the XAD-2 fraction while 

the remainder was contained on the particulate. The TCO and GRAV values for the field, hut. and 

laboratory blanks were quite low compared to the sample values. No blank was grcitcr than 21 

percent of the lowest corresponding sample concentration. 

GOMS analyses were performed on each of the sample Tractions to aid in identification of 

individual compounds. Table 3-6 lists the more than 45 compounds identified in the XAD-2 and • 

particulale fractions. The compounds identified are similar to the I>7KS of compounds identified in the 
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TABLE 3 6. ESTIMATED EMISSIONS FOR ORGANIC COMPOUNDS COLLECTED ON X A D RESIN A N D PARTICULATE FILTERS 
(Listed in increasing order of retention time) (continued on ttext page) 

C ' r p u u i d XAD 
T a l l 

XAD 

T e a 2 

XAD 

r « i i 

XAD 

A , » 

XAD fkniadfla 

T M 3 T M S 
hi t ic i i lMa 

fctMlKh 

CTinrLBENZENB t M tea zw Z40 ND M> HD W> aoDO no TBS MS 

Tjp-x-noit. 1.09 M l IT2 t . » KD MD ND ND AOOO ND YBS MS rxi*— 

ftM 03* au AU ND M> M> HO aooo ND NO HD NA 

imttvE 4.n km t i l l t i f M> f O M> M> aooo ND NO RD NA 

I M d h / l 2 Pa>i/l C / J n t i i T — &«» ND aos ai7 ND ND M> I O aooo ND NO HD NA 

C l l i l l AiyUiad Ba an 1.05 t . » i.o» ro M> »s> M> aooo ND NO H D NA 

B<nul(fchr4« 

EJiyliolu 

T a m a k r l b m a n * 

C n i 5 N ? i e U b l 7 Ba 

? ie-NOC 

H Duhi i robeni /*» 

l .ZA, [ \ lU j inoJ 

C^HI AUjI Si.bn.cuud Ba 

^ m y 1 clh« r. one 

N A P n U I £ ? ^ 

CI 2JU4 A\lrT\t M Cy^JlC 

1 9 1.31 IM I.M M> M> M> ND aooo M> YES 

aa7 a i l an a 14 HD to ND t o fllOOO no 
ai7 

151 

i . » 

ND 

aiT aof a 14 ta> I O 

171 ND 141 I O ND 

1.3* ND a9> I O 

ai7 ais a i l 

oa a M no 021 

040 044 071 034 

071 

090 

031 

in 
OM 

on 

121 

134 

04« 

l O i 

111 

on 

I O 

ND 

ND 

ND 

ND 

ND 

ND 

I O 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Tto »D 

M> 

ND 

ND 

ND 

ND 

ND 

ND 

MD 

m 
I O 

ND 

ND 

I O 

ND 

ND 

ND 

ND 

ND 

aooo 

atoa 

aooo 

aooo 

aooo 

aooo 

aooo 

0000 

ND 

ND 

ND 

I O 

ND 

ND 

ND 

ND 

ND 

ND 

aooo 

aooo 

ND 

YES 

TfcS J 

MS 

Kt 
NO 

TKS 

YBS 

NO 

NO 

YES 

NO 

MS 

MS 

MS 

HD 

Tr iM* |k4 

>aa» iH i iM i i 

a-B*|l-l-Httmi 

MS 

MS 

HD 

ND 

ND 

YES 

NO 

HU 

MS 

NA 

NA 

( \ A A I I A P , Ui ied <n lU u p t 

.N \ ^ .Su« A v i i l i M t 

NO -- .N<« r V u d c d 
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TABLE 3 6. ESTIMATED EMISSIONS FOR ORGANIC COMPOUNDS COLLECTED ON XAD RESIN AND PARTICULATE FILTERS 
(Listed in inc(eastng order of retention time) (corKluded) 

CofTpiArJ 

T o y t o ; ! 

Dncoun* 

TacoMn* 

l u n a o u n * 

a 2 H X 0 4 BouoM Dtctitu/lic 
JUU 

C243104 B a i r m * D i u i t n i j i k 

Damfti\e»m 

9i.(2 aHyOnrDPIiAabu 

l),^^aft<a,Jl 

Taenrwio 

XAO 
T a i l 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

XAO 
T M 2 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

XAO 
T . 4 ) 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

XAO 
A T » 

aoo 

aoD 

aoo 

aoo 

aoo 

aoo 

aoo 

aoo 

aoo 

aoo 

aoo 

XAO 
l U 

BUak 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

M) 

ND 

ND 

P t m a i t u 
T M I 

aoso 

a i i 2 

aoM 

a»i 

I O 

M> 

I O 

am 

afu 

eon 

aou 

fkiikcfaM 
T t M l 

aofie 

a m 

ana 

e iu 

I O 

I O 

etjo 

eoai 

t m 

auf 

MD 

rkidcuUu 
T M I 

ND 

ai4a» 

S t M * 

ND 

oaa 

aisa 

M ) 

ND 

a4ia 

I O 

ND 

A»» 

aoto 

a m 

S i t ) 

««•» 

sen 

« « t 3 

eon 

M i e 

Z«M 

S O ? 

aooi 

rkitinlM* 
H x B I a * 

ND 

I O 

M> 

I O 

I O 

I O 

I O 

I O 

M» 

M> 

I O 

• • • T i r i m M 

NO 

YES 

YBS 

YES 

NO 

NO 

NA 

YES 

YES 

NO 

YBS 

JjmtjIkMkm 

HD 

ra> 

R D 

R D 

MS 

MS 

HK 

R D 

MS 

I D 

RD 

C i i i | n « l i i i l 

ferkOBK 

NA 

NA 

NA 

NA 

a h a o i f i O H ^ i h i i 

^ . a ^ ^ i ^ , ^ 

NA 

NA 

aiiaBhia«}qn*dHi 

l U 

NA 

CKKA IIAPi Liioi in tli u f f 
,V\ = V.]< Aviil .Nt 
.NO ^ N.4 rVtedcd 
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not detected in the actual samples or were at least an order of magnitude less conoentnted than in the 

actual samples. 

3.5 PAH ANALYSES 

The resulte of PAH analyses conducted on the XAD-2 snd particulate extncte by an 

independent laboratory are shown in Figures 3-9 and 3-10. These analyses confirm tbe emission of 

significant quantities of PAHs from the fluff combustion process. These analyses delected sdditioaal 

PAH compounds that were not detected in tbe GOMS full-scan analyses, perhaps because of ihe 

presence of interfering compounds or Ihe lesser sensilivily of full-scan methods u oompsred to 

selected k)n monitoring methods. All 16 PAHs snalynd for were detected in at least some of the 

combustion experiments and most were detected in all three experintents. PAH concentntions in field, 

laboratory, and hut blanks were generally non-detecuMe aad were, in no case, greater than 10 percent 

of the observed sample concentntions. 

The vapor^rticle distribution evidenced in these resulbt shows the expected preponderance of 

lighter species in the vapor phase. For the saalyte* measured bodi in diis analysis and in the general 

organic analyses, the level of agreement was encouraging. The estimated emissions for naphthalene 

agree quite closely in all three tests—within 30 percent relative percent difference—(see Table 3-6 and 

Figure 3-9) as would be expected because a compound specific MS response factor wa.' used for 

napthalcnc in the general organic analyses. There was less agreement for the other analytes reported 

in both data sets (accnapthylene, phenanthrene, fluoranthenc. and pyrcne). This is not surprising, since 

the analytical methods differed greatly (GC/MS with selected ion monitoring vs GC/FID calibrated a.s 

TCO). However, a comparison of the values (see Table 3-6 and Figures 3-9.10) ohuined in the t\*T) 

separate methods would suggest that quantification accurate to within one order of magnitude (the 

stated goal of the project) was obteined. 
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Figure 3-10. PAHsintheparticulsicpha.se. 
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ALL ISOMERS WITHIN CONOENBRS SIMMED 
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Figure 3-11. Estimated emissions for vapor phase PCDDs/PCDFs. 
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Figure 3-13. Toul PCDD/PCDF estimated cmissioas. 
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Figure 3-14. Estimated emissions for selected meuls . 
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A separate medium vol 113 L/min (4 e t a ) PM,o ambient sampter was operated withia the 

b u n hut to characterisee pattjculate matter 10/on In diaaaeter and less. Because this ssmpling did not 

occur in s duct or steck, them is no ooaoera with regards to isokinecity for these samples. The 

particulate matter emiasiow for thb system sre siso pieaeated in Tabte 3-8. For qualittUve purposes, 

a comparison of the PM, , to total paiUculate has been made based on totel averaged values. The 

PMjo comprises roughly 43 percent of Ihe totel particulate matter collected. 

Levels of particutate collected in the hut, field, aad laboratory blank samples collected were an 

order of nugnihide less then the lowest values observed ia actual test samples for the general organic, 

dioxin, and PM^g trains. The metels train hut blank particulate concentration is 20 times less than any 

actual test sample aad the field blank was 3.7 Umes less thsn the lowest test sample. 

3.9 EMISSION DATA SUMMARY 

The teste and subsequent analyses performed duijng this study were selected to characterize, as 

broadly as possible, the diverse eaniasioas resulting fram the open combustion of fluff. A consklerable 

body of date were generated as a result Becsuse soone spptoacfaes to understendiag these date can be 

overwhelming and tinoe consuming; the individual tiata aets have been summarized to illustrate their 

respective relative contributions to totel msss emisskins. 

To assess the overall organic emissions, the volatile and semivolatile otganics emission date 

were summarized. The totel organics emitted, volatile (volatile determined using the FTD response 

factor for toluene and touting all comf^' ^ to but not including the retention time of toluene), 

vapor-phase semivolatile, and particulate-bound semivolatile, averaged more than 200 g^g fluff 

combusted. The actual mass contribution from each fraction is summarized in Table 3-9. Figure 3-15 

graphically presents the relative mass contributions of various sample fractions to the total organic 

mass emissions. Figure 3-16 depicts the relative mass distribution based on the boiling point of 
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VOLATILES: <110 C (232%) 

TCO: 100-300 C02J%) 

GRAV: >300 0(44.6%) 

Figure 3-16. Distribution of organics by boiling point. 
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Figure 3-17. Paiticte mass distribution. 
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S E C n O N 4 

SUMMAR/ AND CONCLUSIONS 

This laboratory study snocessfnlly a^ieved te goals of characterizing tbe broad spectrum of 

emissions from open flufT combostkm and of geaentiag emissioa facton accurate to within one order 

of magnitude for these emissioas. As previously discuaed, the resulte from :his study were used to 

perform a mass balance, the quality of wklcfa indicates Ifaat it is likely that the major emissnns from 

Uiis source hsve bees detected by Ike saagpUag and aaalytical methods chosen. A *arge number of 

PICh have been ktentified, msay of which a n pnvkMsljr known producte of combustkHi of vsrious 

individual plastics. However, not sU of the ot^judc conapounds present in the sample have been 

identified and quantified. The chiomatognms obtained from these emissions samples were often 

highly complex, and all the chronMtographably leaolvfd peaks were not able to be identified especially 

in the semivolatile and particulate-bound organic fnctioas. The use of compound .pecific analytical 

methods, such as were used here for PCDDs/PCDFS, should reveal the presence of low but potentially 

significant concentrations of analytes not detected in this study. For example, given the prexmlencc of 

bromtnated fiame reterdaate in corrunereial plastics and the identification of PCDDs and PCDFs in our 

sample, the productmn of the brominated analogues of PCDDs and PCDFs seems likely.^-^ The use 

of bioassay directed fractionation in future studies of emissions from similar pn>cc5ses is suggested to 

determine if the unidentified organics are of any human health concern and to focus identirication and 

quantification efforts. 
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emissions measured here for compounds of humsn heslth concern and the substentisi qusntities of 

combustible nuieriab present ia fluff landfills certainly nterits a further evaluation of the risk posed by 

open fluff combustion. The estimsted emissions preseated here could serve as an importtat data 

source for such aa sssessmeaL (The estimated emimioas are presented in terms of mass of pollutant 

per mass of fluff consumed by combustion, j)2i P ^ «>*** exposed to combustmn conditions.) In the 

interim, this document should help provide some further basis for informed decision making by 

peisonnel actd with controlling fluff fires. Ic psrticutar, our date on '^)Utilcs emisskms seems to 

confirm the suggestion previously made that the partial extinguishment oi open flutt oombustioa 

processes may actually increase the total emission of pollutants.' 
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APPENDDCA 

QUALITY CONTROL EVALUATION REPORT 

This task w u oooducied under the gukianoe of an EPA-approved Quality Assurance Project 

PUn. This plan was used to eslsblish dsta qoslity ottjectives suitable for this snidy. Tbe quality 

control ntessures employed dwiag this study were perforaoed to ensure that the data collected would 

be suitable to collect, kleatify, aad seau-qaaatitate air emisstons resulting from the simutated open 

burning of automobile flnCt The primary projed goal was to obtaia qualitative informatioB as to the 

types and iieaiilies of both iaorgaaic and o^uUc combitetMn by-products. The secondary goal was to 

provkte estimate emisskms accwate within au order of magaitude (factor of tea) for selected 

compounds and compound typea kleatified. 

Table A-1 pieseata the dsta quality indicator (DQI) summaries for accuracy, prcciskMU and 

completeness achieved during testing sloag with the ptanned DQI goals for each respective 

measurement or analysis performed. Ia general. Ihe intended DQI goals were achieved. In several 

instances, however, targeted DQI goals were not achieved. 

Included in Table A-1 are the DQI summaries for the continuous emission monitoring systems. 

Tbe performance indicators demonstrate that the systems performed well within project goals. 

However, operational difficulties were encountered with the to* .1 hydrocarbon analyzer and the nitric 

oxide analyzer. On two test days, the post-test span check for the THC analyzer exceeded establLshtxl 

accuracy limits (Day 1: 34 percent bias. Day 2: 23 percent bias). Similariy, for the NO analyzer, the 
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snd end of each snalytical period. These QC checks were used to determine snalytical method 

precision. Resulte of these QC checks an also iaduded ia Thble A-1. 

Table A-1 includes DQI sumnasries for semivolstile orgsnic compound characteriattons. The 

QA/QC approach to the semivolatile ocgaaic aaalyses was simiisr in nature to that of the votatile 

organic analyses. Once the OG/FID (TCO) and GOMS systems were cslibraied and system responses 

established, continuing cslibration check solutions were snslyzed at the beginning and end of each 

analytical period to evaluate system perfomunce. The resulte of these QA/QC checks are also 

included in T^ble A-1. 

Additional standards, ooataining compounds identified in test samples, were also prepared and 

analyzed. These standards were used to confirm tentatively kientified compounds as well as to 

evaluate the generalized quantitative approach. 

A PAH Performaace Evaluataon Audit (PEA) was provided by an independent QA laboratory. 

The sample was analyzed using the general TCO COFID seaiivolatile orgaaic aaalytical method. The 

results of this analysis f.ft presented in T^ble A-2. I t e resulte indicate that, for Ihe PAHs identified, 

accuracy, expressed as percent recoveiy, ranged from 55-105 percent for all compounds quantified. 

Three of the compounds present ia Ihe perfonnaaoe evaluation sample were not detected. 

These 3 PAHs were not detected as a result of chrtmtatognphic (temperature) limitatbns as opposed 

to detector sensitivity limitations. 

Although individual analytical accuracy values for each compound identified were not 

determined, it is possible to estimate the accuracy of these measurements. Many of the compounds 

jdeniincd were quantified using both GOMS and GOFID system rcsponjscs. The quantitative 

agreement between these analytical approaches were generally within a factor of tvm. The analytical 

accuracy is also supported both by the PAH PEA sample as well the TCO aikane mix accuracy 

performance checks which were found to exhibit less than 15 percent analytical bias. The estimated" 
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foasible to determine die molecular formuta of orgaaic unknowns, determining functionsi substitution 

groups and specific isomen often proves difficult SimUariy, the retatively low raaizatioa potential of 

alkanes coupted with electron iooiatkm (EI) makea determination of molecutar tons difficult 

Therefore, many of Ihe compounds tentatively kleatined in this study sre unable to be preseated 

further than the molecutar formuta and orgaak: class. An sdded emphssis was placed on u«ing the 

aforementioned quslitaUve stsndards. Project resources limited further confirmatory analyses. 

The metals snalyses were performed by a contracted commercial taboratory. Tbe QA/QC 

measures described in the respective referenced procedures were adhered to and achieved. Because 

many of the targeted nKtals were found at less Ihaa detecteble levels, emission factois were also 

presented as less than levels bssed on method detection levels. 

As Stated earlier, PCDDs sad PCDRt (telra - octa congenen) were analyzed using a 

oombination of technk|ues found in SW.846 Method 8280 aad 40 CFR Part 60, Appendix A Method 

23. The samples were analysed by high reaolutioa gas chromatography/low resolution mass 

spectrometry (HRGC/LRMS). This procedure serves to confirm the presence or absence of PCDDs 

and PCDFs as well as quaatify the aumber of confirmed isomers found in each congener class. This 

analytical method follows the QA/QC guklelines listed in the SW-846 method. In addition, it uses 

isotopically labeled PCDD/PCDF homologues for each congener (with the exception of 

octachlorodibenzofuran). The procedure differs in that specific {.somcrs, including the 2,3,7,8 

substituted isomers, are not confirmed. Method performance is evaluated by the rccovxry of the 

isotopically labelled internal standards. The actual recovery values for each congener respcctiNX to 

each sample are too numerous to be included here. Table A-4 provides a summary of trcovery values 

for each congener. In several particulate phasr: santples, the recovery values for several congeners 

were less than the targeted 40 percent. The low recoveries were not found to significantly affect data 

quality and wcm, therefore, reported. 
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TABLE A-2. RESULTS OF PAH PERFORMANCE EVALUATION AUDIT 

COMPOUND RECOVERY (*) 

Naphthalene 

Aoenaphthyleae 

Aoenaphthene 

Huorene 

Phenanthrene 

Anthracene 

nuoranthene 

I ^ n e 

dirysene 

Ben2o(a]anthraceae 

Ben2o[b]flnonnthene 

Ben2o(k]fluorantfaene 

Ben2o[a]pyrene 

Beazoigbi^ieryleae 

Diben2D[a,h) anthiaceae 

Indeno[l,23-cd]pyrene 

92.2 

88.7 

101 

91 

89.6 

87.6 

88.2 

10Z6 

77.1 

70.1 

62.9 

55.2 

55.8 

ND 

ND 

ND 

Note: ND = Not delected 
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TABLE A^. RECOVERIES OF ISOTOPICALLY lABELED PCDD/PCDF INTERNAL ST/^NDARDS 

Vapor pitase samples (XAD). No. of samples and blanks in each recovery category 

RECOVERY TCDD TCDF PCDD PCDF HxCDD HxCDF 

40-120% (ACCEPTABLE) 5 5 5 5 5 5 

<40 0 0 0 0 0 0 

> 120% 0 0 0 0 0 0 

HpCDD 

5 

0 

0 

HpCDF 

5 

0 

0 

OCDD 

5 

0 

0 

OCDF 

5 

0 

0 

Paniculate phase samples (filter). No. of samples and blanks in tadi recovery category 

RECOVERY TCDD TCDF PCDD PCDF HxCDD HxCDF 

40-120% (ACCEPTABLE) 5 4 4 5 4 5 

<40 0 1 0 0 1 0 

> 120% 0 0 1 0 0 0 

HpCDD 

4 

1 

0 

HpCDF 

4 

I 

0 

OCDD 

1 

4 

0 

OCDF 

1 

4 

0 
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